of civic science (Bäckstrand 2003) promotes public engagement by research institutions with participants, policy-makers and the wider public as a strategy that addresses these inequities.
One strand of public engagement with research is the dissemination of research findings (Lavery et al. 2010 ). Knowledge dissemination is part of public engagement programs at some HDSS sites, as in the KEMRI-Wellcome Trust Research Programme (Marsh et al. 2008) , the Navrongo Health Research Centre in Ghana (Tindana et al. 2011 ) and the MRC/Wits-Agincourt Unit in South Africa (Madhavan et al. 2007 ), but are not always routinely included, as in the Niakhar HDSS in Senegal (Mondain et al. 2016) . (Yin 1994 ) of this KDI as part of broader knowledge brokerage activities, using the evaluation framework proposed by Lafrenière et al. (2013) Unit, while undertaking this KDI. In response to the research question, 'What is the effectiveness of this KDI as measured by knowledge acquisition and changes in attitudes and practices of the residents and service providers in the case study area?', the data suggests modest impact, and a number of ongoing challenges.
In conclusion, the authors suggest ways to improve effectiveness, which would be of interest to other practitioners working in KDIs in similar contexts.
LITERATURE REVIEW
Terms such as 'knowledge dissemination', 'transfer' and 'translation' are often used interchangeably, as shown by Lafrenière et al. (2013) in their systematic review of the effectiveness of KDIs. A KDI can be defined as 'an active intervention that aims at communicating research data to a target audience via determined channels, using planned strategies for the purpose of creating a positive impact on the acquisition of knowledge, attitudes and practice' (Lafrenière et al. 2013, p. 2) .
KDIs can be implemented through for example meetings, debates and other interactive activities, websites, distribution of fact sheets and policy briefs, to a range of audiences ranging from lay persons to policy-makers (Mondain et al. 2016) . KDIs have a number of components: a clear message, a specific audience, a particular format, a plan for delivery and an evaluation of effectiveness, which necessitates the articulation of a clear aim.
The characteristics of the target audience will determine the wording of the message and the method that is used for its delivery and evaluation (Kothari & Armstrong 2011) .
Despite nearly 20 years of calls for greater public engagement in health research (Dickert & Sugarman 2005; Tindana et al. 2007) , there is relatively little evaluation of the effectiveness of KDIs. In 2003 it was reported that only one in 10 of 175 applied research organisations in Canada evaluated KDIs for their effectiveness (Lavis et al. 2006) . In a systematic review by Lafrenière et al. (2013) , 11 of 19 KDIs that had been evaluated for effectiveness focused on the dissemination of results to health professionals, not to research participants, (Bhattacharyya et al. 2011; Mitton et al. 2007; Ward et al. 2009 ) and generally showed changes in knowledge and attitudes but rarely in practices. Lafrenière et al. (2013) identified a framework for evaluating the effectiveness of KDIs, focussing on knowledge acquisition, changes in attitudes and changes in practices. They suggest that evaluating knowledge acquisition can be achieved by assessing if the KDI has increased participants' knowledge base, while changes in attitudes can be assessed by determining whether or not participants agree with the information presented and could accept it. Changes in practices can be assessed through examining actions taken after the KDI. Apart from the general paucity of evaluation on the effectiveness of KDIs, there is a specific lack of evaluation on longitudinal KDIs (Madhavan et al. 2007 ).
Often researchers give less attention to the dissemination -and, by implication, reception -of research findings to participants and beneficiaries than they do to academic peers and policy-makers. The voices of participants and local service providers, especially in poorly resourced areas, are seldom considered, even when they are themselves expected to transfer research findings into practice (Molyneux & Geissler 2008) .
Knowledge dissemination of research findings, with interactive, multi-directional discussion between researchers, participants and service providers, can help in enhancing benefits (Tindana et al. 2007 ) and is part of the ethics of practice in research (Guillemin & Gillam 2004) . Collaborative discussions about research can help to shift research agendas to be more relevant to the needs of participants and service providers, and this is particularly important in developing countries (CIOMS 2016) .
There is currently an increased focus on the role of knowledge brokerage in developing collaborative links between researchers and stakeholders, as a means to increase knowledge transfer and translation, and build users' capacities to apply relevant findings to policy and practice (Meyer 2010) . There is increasing pressure on governments and service providers to develop evidence-based policy and practice (Gilson & McIntyre 2008 , Strydom et al. 2010 . This is slowly creating a 'pull' for the provision of relevant research results through knowledge brokers, moving from unilateral dissemination to multi-directional creation and use of information (Godfrey et al. 2010) .
Theoretical approaches to knowledge brokerage include the dissemination model and the systemic model, and both identify interpersonal contact as essential to effective knowledge brokerage (Dagenais et al. 2015) . A recent systematic review by Bornbaum et al. (2015) analysed 29 articles on the role of knowledge brokers and identified 10 key domains of knowledge brokerage activity (p. We examine the two domains 'create tailored knowledge products' and 'support communication and information sharing', as they are the most relevant to this case study. , which, by 2015, had expanded to 115 000 people in 18 500 households in 27 villages (www.indepth-network.org/member-centres/agincourthdss). Some 30 per cent of the sub-district population comprises former Mozambican refugees, the majority of whom are now South African citizens or permanent residents ). The majority of people living in the area are from the Tsonga ethnic group, and speak XiTsonga.
CASE STUDY: THE MRC/WITS-AGINCOURT UNIT HDSS
Many households practice supplementary farming, but land allocated during apartheid for resettlement is inadequate for total reliance on subsistence agriculture. Unemployment is high with most formal employment being male migrant labour in mining, manufacturing, agriculture and tourism. South Africa's noncontributory social grant system are a major source of household income, together with remittances from labour migrants. Since 1994, with the dawn of the democratic era in South Africa, there has been infrastructure development with improved provision of electricity, roads, water and schools. Currently, there is one health centre and eight primary health-care clinics within the study area, and three district hospitals 25 to 60 kilometres away (Collinson et al. 2014; Kahn et al. 2012 ).
The 27 villages in the study area fall under three traditional councils, and three local municipal offices. For the purpose of this article, we define a 'village' as a cluster of households in a geographically defined area, which has a name and leadership structure, and is geographically separate from other villages.
Each village has a head man (induna), who falls under one of the traditional councils presided over by a chief (hosi); traditional councils meet every week. Civic leadership operates at three levels: A key activity is the KDI, the objective of which is to disseminate research findings to residents and service providers living within the study area. Below, we outline the KDI activities, grouped according to two of the domains of knowledge brokerage defined by Bornbaum (2015) . Meetings with village leaders and service providers: During the following five months, PEO staff conduct face-to-face briefings with village leaders, community organisations and service providers, again giving each group a folder containing research data aggregated across the study area to assure confidentiality, and village-specific demographic data, in fact sheets.
Creating Tailored Knowledge Products

Measuring the Effectiveness of a KDI
This longitudinal, mixed-methods case study of a KDI used multiple sources of data (Yin 1994) , as shown in Table 1 .
Quantitative data were from 14 annual village meeting reports (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) that contained information on attendees, questions 
Findings
The findings are organised according to the three outcomes for the measurement of effectiveness of KDIs: knowledge acquisition, changes in attitudes and changes in practices (Lafrenière et al. 2013 ).
Knowledge acquisition
Service providers and village leaders were asked what information was presented and discussed through the KDI. The responses show an understanding of the relevance of the findings to their villages.
Census findings were always mentioned first, showing that these were the data with which they were most familiar. Information about research results would appear to be more important than other aspects of the unit's work.
Changes in attitudes
The types of questions asked at village meetings and targeted briefings illustrate changing attitudes in relation to both the research activities and research results over time. This suggests that the results were accepted as relevant and applicable to both individuals and service providers in their villages and the surrounding area.
Changes in practices
At meetings, villagers directly questioned service providers, when available, using research results as proof to request further services.
There is evidence that service provision was sometimes modified in line with such concerns; for example, after hearing requests for the mobile health clinic service to resume, a clinic manager reinstated it. In another village, pit latrines were supplied soon after presentation of data on households with no latrines.
Over 2001-2015, a total of 762 people completed feedback questionnaires (see Table 2 ). Of those, 397 had attended villagebased meetings the year before; 54 per cent of this group reported that the information motivated them to work or volunteer, while 14 per cent lobbied for services and 3 per cent took no action at all ( Figure 6 ). The 'other' category (25 per cent) included activities such as using the information to teach the youth, starting a vegetable garden at home, and encouraging other villagers to participate in research studies. The interviews with village leaders and service providers revealed that, for this group, the information was seen as useful for planning services, student assignments and reports. 
Challenges and Limitations
To get a better understanding of the extent of the effectiveness of the KDI, coverage is a consideration. The village-based KDI meetings have attracted 2 to 4 per cent of the adult population over 15 years. There is some variation, ranging from 1.5 to 4.3 per cent, as shown in Figure 7 , with a significant (p<0.05, R2= 0.272) but weak decline of 0.17 per cent in attendance. This may be due to many of the meetings being held during the week, thus excluding those employed, inadvertent scheduling during cold weather, funerals, and political disputes between village leaders.
Village leaders gave various explanations for the stable but low attendance rates and for sometimes having to cancel meetings.
These were mainly villagers not understanding the relevance of the research feedback, as well as internal village politics. Since 2011, a local government election year, leaders have used the KDI meetings to raise other issues such as elections, water crises and employment with villagers, indicating that these meetings have become a platform for airing critical issues. One village leader suggested that the dissemination should be added onto existing meetings, such as those held by Department of Agriculture as, in his opinion, more people attended these.
The data from the feedback questionnaires sheds a different light on why people don't attend meetings. Of those who completed 
Wits invites us, but most of the time I fail to take part in those events because I have to attend to some other community issues.
(Induna, man)
Service providers reported that handouts were often left in a folder, and some admitted not reading the information. While appreciation was expressed for the translations into XiTsonga, some felt these were not always correct, and some found the font too small. People preferred attending meetings to reading information. (Education circuit manager, man) owing to workload. Given that participants seldom miss meetings owing to lack of interest, and that face-to-face briefings are preferred while hand-outs are seldom read, it would be important for different strategies to be used so as to enable participation.
We get the results in writing but
Results clearly show that the KDI had limited effectiveness when solely based on a linear approach and was more effective when multi-pronged. The importance of face-to-face interaction over time has been noted by recent studies and also that varied strategies can be used with different stakeholders (Conklin et al. 2013; Dagenais et al. 2015) . This could mean that more frequent meetings are needed, with smaller audiences, which would require concurrent increased human resources in knowledge broker offices.
In regard to changes in attitudes, in villages that had recently been added to the study area, more service-related questions were asked compared to villages that had been in the study area longer, where more questions on research results were asked. These trends suggest a change in attitudes concerning the role and work of the unit, with growing understanding and acceptance that the role of a research unit is not to deliver services, but to undertake research. This is evidence of increased interactive dialogue (Lavis et al. 2003) . KDIs, such as this one, do contribute towards changing the attitudes of participants and enhance the possibility of collaborative discussion regarding the relevance of research and research results.
Lastly, there was some evidence of changes in practices, with a few attendees reporting that their health behaviour had altered subsequent to attending a meeting, and a few reporting that they had been motivated to volunteer/work in community projects.
Service providers and village leaders had used demographic data for planning at the village level. There was also some evidence of public health service delivery improving after data highlighting these issues were presented.
Implications for Knowledge Dissemination Interventions
We would argue that the process of organising and delivering this KDI is central to knowledge brokerage and supports other domains such as networking, developing collaboration with stakeholders, supporting the sustainability of the HDSS, and building local capacities through the interpretation of research data (Bornbaum et al. 2015) .
The MRC/Wits-Agincourt Unit has committed resources for the establishment of a dedicated PEO, which had a clear brief to manage the KDI as knowledge brokers (Bornbaum et al. 2015) , and reflects a growing partnership with stakeholders contributing to an increased understanding of the role of research unit and its data by the villagers, leadership and service providers. This has occurred in the social context of the evolving democracy of post-apartheid South Africa, which has involved everyone in a growing awareness of both rights and responsibilities as well as the planning of increased service provision in health, housing and education.
Considerable time and effort was spent writing and translating fact sheets, which proved of limited use. Other methods of dissemination such as theatre, which has been used to effect in this setting (Stuttaford et al. 2006) , postal drops of small, focused A5 pictograms, community radio, TV and social media may be useful in communicating results. Radio-based soap operas or talk shows (edutainment) have been effective in engaging the public with health research in Malawi (Nyirenda et al. 2016 ) and South Africa (Jana et al. 2015) . Longitudinal HDSS sites have an opportunity to develop strategies for regular information sharing through community advisory groups (Reddy et al. 2010) and wider village-based dissemination. While difficult to do, it would be important to clearly articulate the expected outcomes of these different strategies in order to evaluate their effectiveness if undertaken in HDSS sites.
The effectiveness of the KDI in this case study has been assessed in relation to three outcomes: knowledge acquisition, changes in attitudes and changes in practices (Lafrenière et al. 2013 ). There is evidence of changes in all three outcomes over time; it is doubtful if changes would have been evident without a longitudinal approach. In future KDI activities, clearer, measurable objectives will be needed in order to measure effectiveness more rigorously and information disseminated and methods used need to be adapted further to be more specific, useful and contextual (Legaspi & Orr 2007) .
CONCLUSION
Sharing research results with study participants and stakeholders is part of the ethics of practice (Guillemin & Gillam 2004) . This links to civic science, which frames research as a public good (Ward et al. 2009 
